only. Some stimulation were done with sinusoidal fields. The fire rate of cells in the hindbrain 48 followed the first derivative of the stimulus wave form. In contrast, the response of tectal cells 49 were similar to the third derivative. This improves spatial resolution and receptive field of use this information to find prey and avoid predators. This passive electrosensory system is 64 present in lampreys, sharks and rays, lungfish, some amphibians, sturgeons and paddlefish, 65 and in a few groups of advanced bony fish (3, 16, 19). Electroreceptors are distributed over 66 the head and, in some groups, also the trunk. The physiology of the receptors and the activity 67 of primary afferent fibers has been well studied in many species (3). In all electrosensory 68 animals afferent fibers project to a single hindbrain area, the dorsal octavolateral nucleus 69 (DON) in non-teleosts, the electrosensory lateral line lobe (ELL) in teleosts. From there, 70 information is sent to various targets in the midbrain, depending on the species (2). There are 71 some physiological studies of passive electrosensory centers in the midbrain (4, 5, 6, 8, 14), 72 but little is known about how the information is processed. 73 The paddlefishes (Fig. 1A) are the sister group of sturgeons and comprised of only two 74 living species. One of them, Polyodon spathula, is specialized in feeding on plankton. In 75 contrast to the adults that filter feed non selectively, juveniles pick out single water fleas 76 (mainly daphnia) which they are able to localize with their electrosensory system alone (17). 77 Single planktonic prey can be detected up to a distance of at least 8 cm (17) . At that distance, 78 however, localization becomes difficult because the receptors in the skin lack directional 79 sensitivity except for the shielding effect of the body, due to the high skin resistance. 80 Electrosensory receptor cells are located at the base of pores, the ampullae of Lorenzini (Fig. 81 1A, inset). Several pores form a cluster that is innervated by a small bundle of nerve fibers. 82 This functional unit will be referred to as a 'receptor'. 83 In all vertebrates, the midbrain tectum contains a map of the environment that 84 represents the location of objects in space. In most fish species, the visual system dominates 85 tectal imput and gives precise information about location, e.g., of prey. In paddlefish a 86 prominent projection from the hindbrain electrosensory area to the tectum is present (9) and show that the spatial resolution of electrosensory neurons is enhanced in the tectum, and we 92 provide a hypothesis for how this is achieved. 
Stimulation

109
The fish were stimulated with weak electric fields. Most stimuli were delivered by means of a 110 linear array of 48 silver electrodes spaced 5 mm apart (see Fig. 1 ). The silver wires were 111 incorporated into an acrylic holder and connected to a series of multiplexers (double pole   112 multiple throw analog switches, DG407, Maxim). Another set of 48 electrodes was present 3 113 5 cm lateral to the first set. The array was placed parallel to the rostro-caudal axis of the fish at 114 a distance of 0.5 -1.2·cm from the edge of the rostrum (distances varied over the length of the 115 rostrum due to variations in the width of the rostrum). The array extended from the tip of the 116 rostrum to at least the caudal end of the gill covers, depending on fish size. A computer was 117 used to control the multiplexers and to connect two of the silver wires to a stimulus isolation 118 unit that served also as a voltage-to-current converter (A 395 linear In the absence of Vmod, i.e. Vmod is zero, the membrane potential is driven only by internal 212 noise, but no bias voltage depolarizes the cell and therfore no regular spontaneous activity is do not reflect the applied stimulus, but rather the electric field signature at a fictive receptor in 236 the skin. We then recorded from tectal neurons to see how they respond to the moving field. is present (Fig. 1C) , but if stimulated in the parallel configuration, some units showed two 240 bursts (Fig. 1D) orientation. In the perpendicular mode, a single peak was present, but either shortly before or 252 after the peak to the original polarity (i.e. positive pole closer to the fish, Fig. 2A ,B, blue 253 histograms). In the parallel mode, the units showed no spikes at the time when they had strong 254 excitation to the original polarity (positive pole was leading), but smaller peaks shortly before 255 and after that time (Fig. 2C, blue histogram) . Many units showed two peaks, separated by a 256 pause to the original polarity in parallel mode (Fig. 2D , red histogram) and a single peak at 257 the center when polarity was reversed (Fig. 2D, blue histogram) . While inspecting these plots, 258 we found that the response pattern is equivalent to the third derivative of the stimulus. The we plotted for each unit the timing of the maximal decrease and increase in spike rate. All 287 times were calculated relative to the center of the receptive field. Fig. 3 center, but still close to center (Fig. 5 B) . In this case a tectal unit would fire a little too early 
V(t) = V(t−dt) + Vbias + ξ(t−dt) + Vmod(t−dt)
V(t) = V(t−dt) + ξ(t−dt) + Vmod(t−dt)
